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Introduction

The following report is & tompilation of o mmber of interinm reports concerning
tests performed on plate glass to determine jia resistance to. temperature and
pressure stresses, The first part is concerned with the resistance to temperature
only and to a combination of pressure and temperature. The succeeding parts are
concerned with pressure tests only. o o ‘

PART I

1.0 GENERAL

A-mmbef of tests were conducted on the méchaﬁicél propervies of plate glass dises
insofar as their resistance to tomperaturs and pressure were conecsrined.

Two series of tests were runy a temperature ﬁes*h in 'bhevébsence of pressure and a
combined temperature and pressura test. Briefly, those testis were conducted ag
follows: = ' L ‘ '

1.1 TEMPERATURE TEST

A glogs disc wes dimply mounted at its edges by clomping it between two aluminum
plates with “O" ring gaskets. The "0 ring gaskels were coated lightly with sili-
cone grease.  The diamster of the supporting edge was 1/2% less than the dlameter
of the glass disc.sample. Torque on the bolis was set atb $ inch-pounds. The bolts
sy 8-32 machine gerews. : ' - S

The plate supporting the sample was the cover over 2 well insulated bex containing
an cleciric hot plate of 660 watt capacity. The surface of the hot plate wms 13"
distant from the glass surface, An 18" housechold type fan was permitted to blow
a stream of air across the "cold" face of the test sample. The surface temperature
of the glass was measured at four points with four constantan-copper thermocouples.
Precantions were taken that the true surface tempersture and not that of the sur<
rounding air layer was measured. The four points were near the edge of the sample
on hot and cold sides, and at the canter of the sample ot hold and cold sides. “With
the test set up the heat was applied and time and temperatures recorded. The tem-
perature was pernitted to inorease untll rapture ocourred. See Table I.

" 1,2 PRESSURE AND TRUPERATURE TEST

In these tests the glass eample was supported as desoribed sbove except that the
aluminum support plate was the cover of a pressure vessel. Weter was used as the
pregsure medium. All air was removed from the systenm by suitable venting so that
all of the glass surface was in contgct with the water. A standard pressure of
10 pei. gauge (accuracy * 1 psi) was used throughout all tests. Bolb torque on ths

The surface of the glass ,earpoéad to the atmosphers was heated in the seme ‘fashibn
as described for the temperature tests. Here, of course, no circulating fan was

used., I;:’our thermocouples were used to measure center and edge temperatures. Sse
Thble . ‘ . o o : :

‘1..
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1.3 SUMVARY OF TEMPERATURE TESTS

Seven inch diameter plate glass samples ofwrious thiclmesses were tested to
destruction, The support diameter was 63", No record of the glass composition
i availsble but standard soda~lime glass is assumed. A11 samples had polished
edges and a minimum of surface soratches and flaws (Ll.c. no serabches apparent

to eye)s After clamping and prior to testing, the samples were tested for strain
in a polariscopes No initial strain due to clamping or glags conditioned was
detectable in any of the samples tested.

1.), SUMMARY OF PRESSURE-TEMPERATURE TESTS

After the test sebup was completed, a 10 psi pressure was establighed before the
application of heat, This pressure was then meintained throughout the application
‘of gradually increasing heat, Eight inch diameter glass dises with polished edges
were uged, They were supported on a 73" diameter., A varicty of thicknesses wore
testede (lass composition is assumed to be goda«~lime. No polariscope strain
tests prior to testing were possible.

1.5 CONCLUSION

It wonld seem that resistance to fracture due to thermal siresses incresses
with thickness for steady temperature conditions. Although the supports were
designed to represent simple supports, there is probably scme constraint leading
to a support which is quasi-constraining in nature. Polishing edges to reduce
sources of local stresses (micks, scratches) is worthwhile. The average (fo:g'
design) tensile strength of plate glass at rupture is approximately 6,500 psi-
as concluded from these tests. No claim is made to represent these figures as
truze sampling. For thls reason, no percent accuracy of data is indicated.
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Temperature Difference Between Approx.
Hot and Cold Surfaces (Through Eat-e of )
Thickness) OF. at Time of Fracture Elspsed « Ince Commpuied
o Time %o Max. Stress,
T‘hicmess Max. Fratcture (S’aarh a?:. i
081 56 52 65 267 1.6 13 6,200
068 7 108 108 315 35.5 7 10,300
133 B2 18 102 262 13.2 i | 9,750
«133 151 172 236 s02 — 7
(3 scratches) .
N0 FRACTURE
133 7 153 170 k52 — 55 16,000
_ NO FRACTURE .
T W2h2 206 ———— — k67 veeien 9 39,700
242 210 202 220 hov —— 7
(3 scratches)
NO FRACTURE
23885 298 - . 572 — 9 28,100
NO FRACTURE
.510 b and 252 L 1162; —no 12 2’4,000
‘3.
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Remarks

Unpolished edge,
fragture started at
edge. 10 in.<# bolt
tcm-que Oreen color..

Polished edge. L in.
# bolt torque. Oreen
colore Fracture
Started 2t edge.
Unpolished edge,
fracture startsd at
edge. 10 in.e# boll
torque. Water white,

No fractore. Polishec
edge.

No fracture. 5 in.-
# bolt torque.

- Green color.

No fragtures 10 in.-
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TABLE I (contimed)

ote (1

1=

Computed from formmla: S = o< g
"'2"(3:};4)

S = styess in
X = 82 x 30~7/°C thermal expansion
0 = temp. difference in °C (frap test date, maz.)
E = Youngts modulus = 10,5 x 1$p81 o
/U = Poisgon's watioc = 0.22

Ref: Corning &lass and Roark PE* 322, poragr ’aph 5,
. also Morey pg. 35.

Theoretically, a simply supported disc should never rupbure due to a sisady
stglte, uniform temperature gmdien'b ecross its thickness. The above formulac
is for fixed edges,

A
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TABLE II

Temporaturs difference

Between Hot and Cold

Surfaces (Th c;ugh Thiak-

ness) °F, at Time of

Tracture. . . . Approx.

Elapsed ‘Retg of Computed

Remarks

Pressure Max, Tins to Temp. Hax, Stress
pei - Neax Yex, Temp. Frachore Inoreass psi (Lensila)
Gauge  Edge (Center T OF,  Min, Ses. OF/Min.  Note (2)
7 0 0 o 70 ] — 2k4300
8 0 0 o 70 0 e 75450
10 69 99 99 230 % L 12,700
. HO FRACTURE .
10 95 160 160 268 - 4 17,430
10 - 106 — 286 L2.5 5 131,230
v NO FRACTURE ,
10 U2 183 187 380 o 34 18,480
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Pressure applied gradually
within 1 min, Green c¢olors
Fracture started at ine
tornal fiaw (bubble).

Grudually spplied pressure
in ) mine. period. Hater
white. Bad scratech 1%V
long on low pressure side.
Pailed at scrateh,

Water white.

Ho fracture. Water white.
Max, edge mc_ 174° Fe

Reversed gides. Frecture
started at edge; suspect
edge touched supporbe
Max. odgo tﬂﬂpo lsloFO

hereo No fracture,
edge temp, 215°F (71./8u
from cold face).
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TABLE II (continued)

Note (2

Computed from formmla for simple supporﬁ mechanical loading
(of Roark, pz. 188 paragraph 1) ? =

Max, 8=t - 3;' (3MfL1)
T

(at center)

§ = ptress, tensile (on surface) away from loed ~ i.o. hot surface)

in pgi
Wea w'ﬂ'gg
w - unit load psi
r = radius of support
M= __3__. - reciprocal of Poisson's ratio = 4,55 for glass
% = thickness in inches

Stresses due %o temperature computed as before (Note 1), Tabulated stress
is algebraic sum of mechanical and temperature stressges.
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PART II

2,0 PRESSURE TESTS vs. THICKNESS

A series of pressure tests were made on various thicknesses of 8% 0,D, plate
glass dlscs using the pressure test set up deseribed in Part I, Three thick~
nesses of glase were useds 1/16", 1/8" and 1/", Prior to testing the blanks
were inspected for strain under a polariscope and found to be free of straein.
They were then clamped in the pressure tester under S inch~pounds of bolt torque.
Care was obgserved to eliminate all air pockets. Pressure waes then gradually
applied until the glass broke. In almost all cases, the fracture started at

a surface scratch which had been noted and identified prior %o the test. All
dises had polished edges.

Table III is a plot of glass thickness ve. the stress in psi at time of fracturs
as computed from the gtress formmla for dises which is:

S =3 W 1
SULEL S L

(at center)
shere: W= wW 2 = total load |
- m = reciprocal of Poigson'!s ratio = L.5h
% = thicknsss in inches

The mean thicknesses tested were .0638" which broke at an average pressure of
he2 pai; 132" which broke at an average pressure of 1l psi, and 253" which
broke at an average pressure of 25.7 psi. The support diamster was 73" OD. It
#ill be noted that the allowable stress decreases with an incresse in thickness
of glass, Normally, one would expect the curve to be a straight line having a
f£ixed value of stress for any thickness. A theorstical investigation is showm
in Part III to dstermine the reason for this effect.

PABT III
3.0 THEORETICAL ANALOG

The following covers an analogy between the mechanical properties of glass and
reinforced concrete. Design data on reinforced concrete is well known, In ade
dition, its properties are similar to those of glass in that concrete has cone
siderable strength in compression but nome at all in tension., Glass in turn has
considerable strength in compression and some strength in tension. .

Standard reinforced concrete design requires that the neutral axis of the support
nmember (beam or slab) be determined first. This location is dependent upon the
ultimate fibre strength of the concrete in compression and the ultimate f£ibre
strength in tension of the steel reinforcing bars, and in sddition the ratio be~
tween the modulus elasticlty of the steel and the modwlus elasticity of the concrste.

-
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PART III (comt)

For wrposés of this discussion, the standard nomenclature for concrete design
will be used. The basic equations are:

k = (1)
X
nf_E_g_ (2)
EO
R s O -
_ y
Py
-— 4 Aed = %
Y
bd=x

For our purposes, we will apply reinforced concrete design data for a beam as if the
beam were made of glasse It has been well-established in literature that the temsile
strength of glass is the limiting stremgth. Since the beam is made of glass, the
material is homogenous and the value 'n' is therefore unity. Further, it is assumed
that the ultimate strength in compression of the glass is a constant and the ultimate
strength in tension is a constant, thus the value of 'k' will be congtant. HNow then
the moment in the lower half of a uniformily loaded beam is

B = Ag fgid )
where § = 1-k | o - : : (5)
fs - ultima’og strength in tension

'A ' is the area of the glass which is in tension. This in twrn will be proportional
to a certain skin thickness (value undetermined) mmltiplied by the width of the beam
tht, It is this skin thlickness which is assumed to vary with the total thicimess of
the glass, The maximm moment in a simply supported rectangular beam of length 1t is

Mpay = 1/8 WL (6)

vhere W' is the total load, uniformly distributed. If
we equate l; and 6 we have

W=¥d (7
1 where 'Kl' is a constant dependent upon the shape of the beam
and type of load. In the case of a glass beam 'Kj' might vary as 'd' varies oy be
gonstant while 'd' is raised to some power. This will be ghown later. In the case
of a reinforced concreic beam, Ky will remain constant. -

_ o . . 3 :
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PART TIT (cont)

For a rectangular (cross section) steel beam similar equations may be applied.

For a uniformly loaded simply supported beam of steel, the moximum moment is given
by equation 6. Further, the value of the moment is also given in terms of the beam
shape and its vltimate strength by

M= SI | (8)
¢ :

where ¢ = 24 ¢t = _E.%a

Equating equations 6 and 8 we have \
We xzaz . (9)
where K, is determined by beam configuration and type of load.

It shonld now be noted that in the case of the concrste design the load varies a3 the
firat power of the beam thickness, and in the case of an all steel beam the load varieg
as the square of the beam thiclmess.

Almost all beam and plate equations relate the uniformly distributed load to the thick-
ness in the form of the equation

We 1;3(1‘? ' » (10)

Toad tests on glass plate have been reported proviously. This dabo hos been used to
establish the value of 'K3'! and 'n's We find thab for e disc of 5" support diameter
the velne of K3 is 6930 and the value of 'n' is 1.32. These values have e relatively
smoll spread n applied o eny one of the 22 pressurc tests made. It is inleresting
%o note now that the equation for a glass structural member lies scmewhere bebwsen -
that for concrete and that for sbeel as ovidenced by the exponent for the thickness 'df,

Three borosilicate plate glass discs wers pregsure tested and two rectangular boro-
silicate pieces of plate %has were tested. The values for the ultimate strenglh as
computed from plate dats (as given by Roark) fell within the clusters shown in the
plot of thickness vs. ruptured strength. Therefore, it may be safely assumed that
the ultimate strength of glass due to meghanical loading is 5000 psi, This velue is
the vertical asymptote of the curve afore mentioned. ' For thicknesses less than /LY,
this value increases as shown by the same curve.

PART IV
Li,0 TOUGHENED GLASS

Consideration wes given to the use of toughened glass, and therefore an investigation
of the optical properties of toughened (or hardensd) glass was mede. There was avall-
able a 20 mm thick piece of Schott BK-7 glass which had been specially hardened. This
type of glass was originally used for submarine periscopes. The glags waaz congsldercd
specially hardened in the seuse that the large double refraction normally &ssocisted
with hardened glass had been reduced. The piece was first exanmined in a polariscoze

“Ow
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PART IV (conb)

and showed a strain of appraximately 80 milimicrons per centimster. A 1" aperturs
eollimator was set up and collimated on a reference surface. The disc of hardened
glass was then placed nesr the objective of the collimator and shifted back and forth
by hand. Examination of the image in the collimator showed degradation of the point
source when viewed with the sample in place. In addition, motion of the semple in
the collimated beam caused displacement of the image by approximately 2.5 mils. It
was concluded, therefore, that hardened glass would be unsuitable as a window,.

Of acadamlc interest is Schott's comment on this glass that its chief value for
optical uses was for window material when the light was collimated and 90° ineident
to its surface. Further, since the glass was hardened glass, polishing should not
exceed more than 1 mm removal of the surface of either side.

L.l ULTIMATE GIASS STRENGTH

As mentdoned in Part III, the asymptote to the thlckness vs. uliimate strength curve
lies approximately at 5000 pounds psi as the vltimate strength of glass for ey
thickness. This figure should be used with caution, however, because it was based
upon test data applied to simply supported plate esquations. The actual test did

not simlate a true simple support but one which lay approximately midwey belween

a fixed support and a simple support. For purposes of the discussion to follow, thig
type of test support will be designated as a quasi-gimple supports A second plot of
thickness vs. ultimate strength was made using fixed plate formulas and the test data.
Such a curve wes parallel to the originel curve but shifted to the left. These two
curves then can be considered as designating that the actual test support was an equal
combination of simple and fixed supports, a curve of thickness vs. ultimate strength
for the quasi~simple support should li¢ midway between the two aforementioned curves.
Actual plots showed that the asymptote for the fized support lay ab 2500 psi. This would
then place the asymptote with a quasi-gimple support at 3750 psi. This figure (3750)
represents the true ultimte strength of the glass., .

A thescretical approach may also be used to establish this asymptote as followss The
equation for the maximum strength of a disc in a fixed support is

Sp = W '
LWt , (1)
For a simple support and using a value of .22 for Poisson's valus, the maximm strength
is - _
Sg = L6l x = 1,615, (2)
2 .

If we agsume that the strength for a quasi-simple support lies half way betwsen the
two; then ) ’

8t= § ;Ss ‘ ‘ . g ’ (3)
§'=1,61Sp¢Sp = 1,305 Sp : )
2 .

From our experimental data we then get S, equal 5000, Sp equal 3000, and S! equal L0350
psi, This is in fairly good agreemsnt with the data derived from the curves. )

| 10w |
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PART IV (cont)

Thus mmerical values of Sy and Sp are fictitious as uged hers, and their use is
regtricted to specific plate formmlag, However, the value of S?! ig the true
gtrength of glass. Since we do not have a formla for a quasi-simple supperd,
the true wltimate strength of glass is of not too great a value for this current
window problem, For this problem, the value of the ultimate strength should be
taken as 5000 psi and used with simple support plate formmlae for those cases
where the actual mounting is a quasi~simple supporb.

4,2 SUMMARY
As determined from these tests, the true ultimate mechanical strength of glass

lies between 3700 to LOOO psi. This is true regerdlcss of the gless composition
since both borosilicate and lime glass were included in these tests.

The attached curve includes data derived from testing borosilicaboe plate glass
discs and rectangles.

S »11-—
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